Purpose: To define both the natural history of and prognostic factors affecting outcome post relapse from a complete response in advanced stage diffuse large-cell lymphoma.
Introduction
Up to 40% of patients with advanced diffuse large-cell or immunoblastic lymphoma who respond to first-line multi-agent chemotherapy relapse [1] [2] [3] [4] [5] [6] . It is commonly believed that most, if not all, relapses occur within the first 24 months but there are reports of later relapses. In the M.D. Anderson experience 5% of the relapses occurred more than 30 months from diagnosis, with the longest interval being 170 months [7] . The group from the Dana-Farber found a 7.8% late relapse rate, occurring up to seven years [8] . In both of these series lowgrade (i.e., discordant) relapses were also seen. In the SWOG series using CHOP as the primary chemotherapy relapses were seen up to seven years from diagnosis [9] . These later relapses may be biologically different from early relapses. There is indirect evidence for such a biologic difference from clinical data. In the Parma randomized study of salvage chemotherapies the twoyear survival rate was 19% if the first relapse occurred within 12 months of the initial diagnosis versus 47% if it were after 12 months [10] . Other prognostic factors have been identified at relapse as predicting for worse survival and these include poor performance status, large tumour mass, high LDH level and non low-grade histology [7, 11, 12] . The relevance of this is that if these factors are not stratified for they could lead to survival differences in salvage trials which may falsely be attributed to treatment.
In order to further elucidate the natural history of and prognostic factors related to survival after relapse, we conducted this retrospective study of patients with advanced, diffuse large-cell lymphoma who have all been treated with 12-week duration combination chemotherapy.
Patients and methods
Twelve-week duration chemotherapy (MACOP-B April 1981 to May 1986; VACOP-B June 1986 to April 1993 and ACOP12 May 1993 and continuing) has been our standard treatment for advanced large cell lymphoma since 1981 ( Figure 1 ). These three regimens are based on a backbone of doxorubicin, cyclophosphamide, vincristine and prednisone. They were equivalent with regard to survival outcomes when analyzed within the subgroupings of the International Prognostic Factors Index and so have been considered as one uniform group for the purposes of this paper [13] .
The eligibility criteria to receive this chemotherapy were: histologic Figure I . Twelve-week combination chemotherapy regimens. All regimens included prednisone, cimetidine, ketoconazole and co-trimoxazole given for 12 weeks.
subtypes: diffuse mixed, diffuse large cleave"d, diffuse non-cleaved, diffuse not otherwise specified, or immunoblastic; stages III or IV or stage I or II if associated with B symptoms or a mass greater than 10 cm in maximal size; and age 16-70 years. Patients were ineligible if their lymphoma had arising in the setting of organ transplant or AIDS; had previously been treated; was of discordant histology or had arisen from an antecedant low grade lymphoma or there was any evidence of neoplastic follicle formation i.e., it had solely to be a diffuse process; or if they had significant cardiac impairment. All biopsies were reviewed by an experienced hematopathologist.
Six hundred and eighteen eligible patients were seen from 1 April 1981 to 31 December 1995, of whom 468 were treated as above. One hundred and fifty (24%) received other treatments for the following reasons: a less intense protocol designed for the elderly (n = 45); a dose intensification protocol instituted in January 1991 for patients whose risk of relapse or primary progression was estimated to be at least 75% O = 41); too ill to treat (n = 4); a protocol designed for limited stage disease consisting of three cycles of chemotherapy and irradiation (n = 11), and the remaining 49 received other standard lymphoma regimens.
Comparison to Provincial Cancer Registry data indicates that 75%-80% of patients fulfilling the eligibility criteria and diagnosed within the study period were managed on one of these three 12-week protocols under the auspices of the BC Cancer Agency.
Once patients completed the chemotherapy they were classified as non responders (n = 6); partial responders, defined as a less than 50% shrinkage with progression within two months of the end of chemotherapy (n = 52); partial responders who became complete responders using additional irradiation (n = 8); and complete responders (n = 402), defined as a 50% or more shrinkage with no evidence of progression within two months of completing chemotherapy. This cohort of 402 patients form the basis of this report on relapse from 'complete response'. The characteristics at initial diagnosis of the primary cohort of 468, the 402 responders and the 97 who then relapsed are presented in Table 1 . The cut-off date for the analysis was 1 July 1996 and all relapses occuring up to this date have been included in this report.
Prior to the initiation of the primary chemotherapy all patients were staged with history and physical examination, chest radiograph, CTscan of the abdomen and pelvis, unilateral iliac crest bone marrow biopsy and aspiration; complete blood count; serum lactate dehydro- genase (LDH); serum creatinine; serum protein electrophoresis; bilirubin, albumin and calcium. Performance status initially was not routinely recorded (it was retrospectively determined through chart review) but since 1990 has been recorded prospectively. Other investigations were performed as directed by symptoms or known associations between disease sites. All this information was entered on a standard staging diagram at or prior to treatment initiation. Once the primary chemotherapy was completed patients were completely restaged with all abnormal tests repeated. They were then followed but there was no standardized regimen with regard to follow-up frequency or the tests to be performed. However, most were reviewed with history and physical, CBC and LDH at intervals of three months for two years, six months for three years and annually thereafter. Other tests were performed as symptoms indicated. On symptomatic relapse all patients had a history and physical examination but there was no formal policy mandating complete restaging. Our knowledge of the extent of disease at relapse was often less than at diagnosis. The investigations performed at relapse and their frequency are listed in Table 2 . Performance status and symptoms were known for the majority. LDH was measured in 74%. All these data were abstracted retrospectively from the patient chart. Tissue at relapse was obtained in 70 (72%): open biopsy (n = 36), fine needle aspirate (n = 26), effusion cytology (n = 1), cerebro-spinal fluid (n = 4), bone marrow (n = 2) and post mortem (n -1).
There was no formal policy with regard to therapy on relapse and the following were used: single agent chemotherapy (n = 12), combina- LDH at relapse tion chemotherapy (n = 36), high dose chemotherapy/radiotherapy and hematopoietic stem cell transplantation (n = 11), radiotherapy (n = 11), chemotherapy and radiotherapy (n = 15), surgery (n = 2), chemotherapy and surgery (n = 2), and no therapy (n = 8) Overall survival was recorded from the date of first relapse until last follow up, or death from any cause Status was recorded as alive with no evidence of disease, alive with lymphoma, dead due to lymphoma, dead due to toxicity and dead of other causes (i.e., not treatment-related toxicity or lymphoma). Failure free survival from relapse classifies as failure any of the following: second relapse, progression, death from lymphoma in the absence of documented second relapse, or toxic death and was recorded from the date of first relapse. The method of Kaplan-Meier was used to plot survival. Univanate analysis of the potential prognostic factors listed in Table 3 was carried out using log-rank statistics. Multivariate analysis for independent factors was then carried out using those factors significant by univariate analysis [14] .
Results

Natural history of relapse (n -97)
The relapse rate was 24% (97 of the 402 patients who entered a CR). The late relapse rate (greater than two years from diagnosis) was 7% (29 of 402). Eleven of the relapses (11%) were low grade: ten biopsy proven and one clinically identified. The remainder (n = 85), minus one with missing information, were intermediate grade (61% biopsy proven, 39% clinically diagnosed). The nonbiopsied relapses were assigned either to the low-grade or intermediate grade caterories based upon a subjective interpretation, at the time of the retrospective chart review, of the rate of growth of the relapse. As such, the rate of intermediate grade relapse may be an overestimate (39% not biopsy proven) and converseley the rate of low grade relapse may be an underestimate. Time from initial diagnosis to first relapse is recorded in Table 4 . Low grade relapses were seen at all time points with two low grade relapses (18%) within the first year. The latest low grade relapse was in the tenth year. Seventy-five percent of intermediate grade relapses occurred within two years of the original diagnosis. The latest intermediate relapses (n -2) were seen in the eleventh year. Intermediate grade relapses tend to occur earlier (75% within two years compared to 27% for low Number 
grade). The follow-up duration of the initial cohort of 402 patients ranged from 0.3-16 years with a median of 4.25 years. Relapse sites were nodal (n = 48, 49%), extranodal (n = 23, 24%) or both (n = 26, 27%). Formal complete restaging was not a prerequisite and so these figures are under estimates. Seventy-six patients (80%) had no B symptoms at relapse. In contrast, at initial diagnosis 58% had no B symptoms. (Figures 2 and 3) Five-year overall survival (OS) after relapse from a complete response for all 97 patients was 24% with a median survival of 1.2 years. Sixty-four have died from lymphoma, one from toxicity and two from other causes. 
Overall survival and failure free survival after first relapse
Outcome by treatment given at first relapse (Table 5)
Treatment was at the treating physician's discretion hence the wide variety of options.
Univariate survival analysis (Table 6)
Histologic subtype at relapse (low-grade versus intermediate grade) was a significant factor in the univariate analysis (P = 0.037) with longer overall survival for those patients with low-grade relapse (Figure 2 ). In light of the different natural histories of these histologic groups, the rest of the univariate analysis was performed only on those with intermediate grade histology at relapse {n = 85). The following factors from those listed in Table 3 
Multivariate analysis
The multivariate analysis was performed on the 85 patients with intermediate grade relapse using all variables identified as significant in the univariate analysis. Only patients with data for all of these variables could be included. Therefore, as the LDH value was only available in 63 of 85 the analysis was performed both including and excluding LDH. Independent factors, with LDH values excluded, for OS were: duration from initial diagnosis to relapse (P -0.005), performance status at relapse (P -0.002), and number of involved nodes at relapse (P -0.03); including LDH, then the following were independent factors for OS: duration from initial diagnosis to relapse (P = 0.002), performance status at relapse (P = 0.005), and number of nodal sites at relapse (P = 0.04). LDH was not significant (P = 0.6). For FFS, excluding LDH, the following were independently significant: time to first relapse {P = 0.008), performance status at relapse (P = 0.02), and number of nodal sites at relapse (P -0.02). Again including LDH did not alter The lowest median survival is that of the adverse factor. The other values relate to the comparator (see Table 3 ). 0 At relapse. d At initial diagnosis.
these results and LDH itself was not independently significant.
Discussion
This retrospective study was performed to discover the temporal sequence and histology of relapse, the outcome after relapse and prognostic factors predictive of outcome in a group of patients who had been uniformly treated at initial diagnosis with multi-agent chemotherapy and who entered a complete remission. Four hundred sixty-eight patients aged 17-74 years with advanced diffuse stage large cell or immunoblastic lymphoma have, since April 1981, been treated on sequentially developed 12-week chemotherapy regimens (13) . Of these, 402 (86%) entered a complete response and 97 (24%) of these patients subsequently relapsed with the latest relapse in the eleventh year after diagnosis. Eleven of these first relapses (11%) were of low grade histology (i.e., a discordant relapse) by the Working Formulation [15] . A caveat is needed. No biopsy was performed in 28% of all the relapsing patients and this frequency of low grade relapse may, therefore, be an underestimate. Such low-grade relapses have been reported in the past, both as case reports (16) (17) (18) (19) (20) (21) and as larger studies [7, 8] . The MD Anderson report included only late relapses (> 30 months from the start of chemotherapy) and included patients who had discordant histology (i.e., both low and intermediate grade at separate sites) at initial diagnosis [7] . In contrast, patients with either an antecedant low grade lymphoma or known discordant histology at primary diagnosis were not included in our study cohort. In the Dana-Farber report two of their eleven late relapses (>24 months post treatment) were low-grade. The 11% of relapses with low-grade histology noted in our series may represent the de novo occurrence of a second lymphoma or the low grade histology may have been present at diagnosis and missed. Consistent with this latter hypothesis is that 18% of patients who had multiple biopsies (sites and number of sites were not specified) at the National Cancer Institute between 1953 and 1975 were recognized as having discordant histologies [22] .
Late relapse of diffuse large cell lymphoma (more than two years from diagnosis) is believed by most oncologists to be an an unusual occurrence. This is an erroneous belief. Twenty-five per cent of the intermediate grade relapses occurred more than two years after the initial diagnosis with the latest being in the eleventh year. This is similar to the Dana-Farber Experience with M-BACOD in which 32% of the relapses, including low grade, occurred after two years [8] . Overall our late relapse rate was 7% (29 of 402) which is similar to that in other series [7, 8] . This will be an under estimate of the true rate of late relapses, given that they occured up to 11 years from diagnosis, as our median follow up was only 4.25 years (range 0.3-16 years). Late relapses may be due to de novo lymphoma arising in a susceptible host with pre-existing chromosomal abnormalities or it may represent recurrence of the original lymphoma. Three patients in the M.D. Anderson series (relapsing at 2.5-4 years) had tissue from diagnosis and relapse available for comparison. Phenotype and DNA content were the same implying recurrence [7] . In an earlier report of one case from our group Southern blot analysis of immunoglobulin heavy chain rearrangement demonstrated an identical pattern for the relapse (at 57 months) and the original tumour [23] , Contrary to common belief, death from lymphoma, after relapse, is not inevitable. Overall survival after relapse was a median of 1.2 years with a five year rate of 24%. For failure free survival the corresponding figures were 0.6 years and 18%. For those patients with intermediate grade relapse the median overall survival was one year with a 20% five year rate; for failure free survival 0.6 years and 17%. Long term survival is therefore possible and appropriate therapy for relapsed inter- mediate grade disease should be instituted. High dose chemotherapy with marrow transplantation has been shown to be the treatment of choice in selected younger patients with chemosensitive disease (11) . The results of the Parma trial with, after response to initial DHAP therapy, a randomization between either high dose chemotherapy/autologous bone marrow transplantation or further chemotherapy with DHAP have given further support to this approach [24] . However, a caveat is needed as evidenced by the outcomes reported in this paper. The relapse therapies chosen for the patients in this report were selected by their physicians based upon their perception of the patients likely outcome. Six of the twelve who had apparently localized relapse received combination chemotherapy and involved field irradiation and are still alive in remission. Similarly three of eight treated with irradiation alone are in continuing remission. Patient selection alone, regardless of the treatment used, may alter outcome. It is therefore essential that in randomized trials the patient arms be equivalent with regard to their prognostic mix. Therefore, in an attempt to identify which factors identifiable at relapse most influenced outcome we performed univariate and multivariate analysis in the patients with intermediate grade relapse. Adverse independent factors both for overall survival and failure free survival were: a duration from initial diagnosis to first relapse of less than one year, decreasing performance status at relapse, and more than three nodal sites at relapse. These same factors were important whether or not the LDH value was included in the analysis. LDH was not an independent factor but it was only measured in 74% and so a true effect may have been missed. Limitations of this analysis were that uniform treatment on relapse was not used, that the extent of re-staging varied, and that elderly patients were not part of the initial treatment cohort. As such these results should only be regarded as hypothesis generating. The prognostic factor analysis does need to be repeated in data sets where the above limitations do not exist. Despite this the results are consistent with those from other such analyses performed at initial diagnosis [25] and at relapse [7, [10] [11] [12] .
In conclusion, 24% of non-elderly patients treated with 12-week combination chemotherapy for advanced diffuse large-cell lymphoma who entered a complete response relapsed with the majority of relapses within two years of original diagnosis. However, 25% of the relapses were delayed with the latest recorded in the eleventh year. Eleven percent of these first relapses were of low-grade histology which has therapeutic implications and demonstrates the value of biopsy verification. Independent prognostic variables were identified at relapse predictive of outcome. These need to be validated and then, if reproducible, accounted for when analyzing results of salvage therapy.
